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Very High Reeelution Calculations of Very Young Supernova Remants

Eric M. Jones and Barham W. Smith
Los Alamoe National Laboratory
University of California
LOB Alamos, NM USA

1. Early Supernova Remnant Structure

After the supernova shock wave ham awepted up about 8-10 stellar
masses of interstellar material, the SNR str~ccure is well described
by blast wave theory (eg. Sedov 1959, Chevalier 1977). ln fact, both
numerical calculation of the early phases (JoneaB Smith, and Straka
1981) and small scale, laboratory simulations (Wilke 1982) show
transition to blast wave a: 8-10 masses, While the late stages have
been well understood for seine time, the early atage~ have only been
crudely modeled until very recently.

In hindsight, we no-~ know tha t the transition region tetween t
phot sphere (roughly 10 g/cm3) and the circumstellar medium (10- !!Z

?g/cm ) plays a crucial role- The shock wave is strongly accelerated
down the denmlty Rradient, putting the shocked material behind into
free expansion. When the shock encounters circumstellar material, it
begins to decelerate. A second, reverse ❑hock propagates into the
stellar ❑kterial that plows into the shocked circumatellur gas. All
this happenn on n timescal,e of days.

The firBt att.:mpts to include a description of the outer stellar
envelope (Chevalier 1976, Falk and Arnctt 1973, 1977) wtre aimed at
annlynl~ of the UV ar,d X-Ray bursts produced when the ~hock wave
renches the photonphere. Fnlk and Arnett (1977) terminated their
cal.cuLatianE before the chock retched the circumstellar fins.
Chevalier (1976) mentionn n reverse shock forming early but did not go
into nny detail~. Apparently, his model was not well ennugh renolved
in the outer reRionn to detail much of the double-shock hehnviour.

For mcsthetic reanon~, UP included th complete lran~ltlon regimi

In our firnt cnlculnttonn (Jones, Smith, und Strnkn 19RI)0 We nnticed
nnd described the douhlc-shock ntrurturc hul , in hfndniuht, lacked
nufffclent rennlutlon to prnduco the detntled ntrunture hetwecn the
n70ckM. Chovalfer (1982) derived n mimllnrlty nolut.ioII tnr the inter-
d~ock reRionm In thin pnper we drncrihe very high resolution
cnlrul.nttonn which reproduce nncl confirm the Chevnlier slmilnrlt.y
nolutionm Therr are, of cournr. diftcrmcen and cnviwtm whfch munt hr
kept in mind. Nnncthlerm, wr hnvc nll com~ n long way in n nhort
ttmeO
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2. Comparison with the Chevalier Solutlon

Rather than attempt a comparison with a model using a detailed
stellar model, we first constructed a aet of initi~l conditions which
model the assumptions of the similarity solution. Specifically, we
use a perfect ga:7( =5/3) in free expnn~ion with a density profile
proportional to r . At its outer edge the gaa la in contact with a
stationary, homogeneous gas (s-O) of density 1.67e-24 g/cm3. The
initial time la 1.0e+06 seconds. These pe~ameters completely specify
the problem. Runs were made with different resolution and with a
variety of viacoaity preacript!ona. Figure 1. is a well-resolved run
(!90 zones in the piston) w!~n relatively hi~h visco~ity. We show

F,ere only the structure between ahocke at the output time, 1.oe+07
seconds. There are differences, probably due to the finite starting
time and to transients. Table I is a brief comparison.

Table I

Chevalier Solution Calculation
R /R

Jb
O. 722 ~. 829

2/ 1 1.3 1.65
P21P1 0.47 0.62 (poorly determined)
u2/ul 1.253 1.33
Rc 3.f13e+16 cm 3.75e+16 cm

For most purposes the Chevnlier snlut!.on represents a great
improvement over previous models, especially when detailed numericnl
calculattnnn are likely to remain quite expenai~e for some til’le.

3. physical Instabilities In the Similarity Solution

A Rood rule-of-thumb determining the stability of a hydrodynamic
flow (Chevalier 1976) is that Rnyleigh-Taylor modes are unstalle if
the Incnl grmlients nf pressure nnd density are of opposite ~ign. Thc
growtl~ time is Riven by

1 - 1. dl’ d
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Figure 2 - Same problem as in Figure 1 except
that the artificial viscosity coefficler,t has
been reduced by a factor of four. The oscil-
lation are of numrical origin, as discussed
in the text.
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4. Numerical Instabilities (Non-Physical?) in the Calculation

Finally, we call attention to a significant numerical problem that
can plaaue calculation of this kind. Figure 2 ahowe the pressure
profile produced at 1.0e+07 seconds for the problem described above.
The amplitude grows large at later times. The only difference between
this run and the one shown previously 18 thgt the aztifical viacoaity
coefficient has been reduced by a factor of four. The oecillationt3 in
the preaaure and velocity profileu originate at the direct (outar)
shock front and travel aa acou~tic wavea toward the contact surface.
The wavelength increaaea inward in reuponae to the increasing sound
speed. Consequently, the disturbance is resolved over many cells
exce~t very near the shock. Persistence of well-resolved disturbances
in usually a ai~n that they have a physical rather than a numerical
Originm However, we hnve done runs with different resolution and/or
vi~coaity and have shown that, among other thln~. , the wavelength
decreases prmport~}n~l to cell size. Apparently, frequency la just
the frequency at which new cells are encountered by the shock.

We thank W. I. Newman and R. A. Chevalier for uBeful discusgiona.
This work has heen supported by the Los Alamoe National Laboratory
which la operated for the United States Department of Ener8y by the
University of California.
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